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A study of the stigma and style of Lobostemon Lehm. 
(Boraginaceae, tribe Lithospermeae Bentham & Hooker) 
is presented. Lobostemon is endemic to the Cape fyn· 
bas region of South Africa and comprises about 29 
species. Surface characters of the stigma as well as the 
indumentum of the styjes are discussed. In this regard , 
Introduction 
'The detailed structure and functions of the receptive sur-
faces of the angiosperm stigma - that part specialised for 
the receipl and early nurture of the male gametophyte -
have been relatively neglected through much of the present 
century, notwithstanding the intense interest of many earlier 
investigators ,' (Heslop-Harrison and Shivanna 1977). 
Pioneering work was done by Raspail (1824) who used stig· 
rna structures to classify genera of the Poaceae. Hartig 
(1842) observed that some stigmas possessed papillae. 
whereas others appeared naked. Capus (1878) beheld a 
number of new stigma characters, amongst others: the pres-
ence or absence of unicellular or multicellular papillae, 
whether stigma surfaces were dry or wet and whether 
species possessed a stylar canal or had a solid style. Apart 
from Gueguen (1900) , no major contribution to the literature 
was made since Capus (1878). A revival transpired in the 
1970's, largely as a result of renewed interest in the trans-
mitting Iracts of the style in relation to Ihe control of breed· 
ing systems (Heslop-Harrison and Shivanna 1977). 
The style and stigma: • ... pertains to the distal end of the 
individual carpel or of the syncarpous ovary, which remains 
sterile and serves for the reception of pollen grains and for 
Ihe conduction of the growing pollen tubes .. .' (Weberling 
1989). Baum (1948) defines the styles as: ' ... the sterile ends 
of the carpels which are more or less clearly demarcated 
from the fertile section of the carpel and more or less free or 
mutually fused .' The stigmas are borne on the tips of the 
styles and are adapted for the reception of pollen. Weberling 
(1989) furthermore distinguishes between monocarpellary 
(monomerous) styles as those formed from only one carpel, 
Lobostemon is characterised by possessing dry, papil-
late, bilobed stigma branches. Glabrous styles are 
largely confined to the section Lobostemon. A transfor· 
mation series of the stigmatic regions investigated is 
presented. 
termed pseudostyle by Hanf (1935): and those formed from 
several carpels as polycarpellary (di-. tri- or polymerous). 
The latter conforms to the stylar column of Juhnke and 
Winkler (1938). All known members of the Boraginaceae 
possess syncarpous ovaries with dimerous styles. 
The degree of carpel fusion in syncarpous gynoecia may 
vary. Fusion may be restricted to the fertile section, resulting 
in the sterile carpel tips being completely free. A congeni tal 
or postgeni ta l fusion of the carpels results in a polycarpellary 
style of uniform structure. The sterile ends of the carpels can 
however, be fused in their lower parts, whilst their tips 
remain free. the so·called style branches; termed stylodia by 
Hanf (1935). Similarly. when only the stigmatic region is free. 
stigma branches result. The degree of fusion varies in the 
genera investigated during this study, viz. Echium L., 
Lobostemon Lehm. Echiostachys Levyns and Pontechium 
Bohle and Hilger (in prep). 
The last revision of Lobostemon by Levyns (1934) result· 
ed in it being divided into five sections based largely on 
flower and inflorescence characters (Table 1). In addition, 
the new genus Echiostachys was also described. The deci-
sion to separate Echiostachys from Lobostemon was based 
largely on a combination of flower characters (but, without 
reference to stigmas). This paper analyses: (1) the sligma 
surfaces and (2) the absence or presence of hairs on the 
style in Lobostemon. The phylogenetic implications of Ihese 
results are hereafter discussed . 
Material and methods 
FAA fixed material of Lobostemon collected in the field was 
used. The stigmas were dehydrated in ethanol and critical 
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Table 1: Traditional diagnost ic characters for the current sections in Lobostemol1 
Characters 
Lobostemon Trichotoml Levyns 
lnrJorescence Cincmnus - Clncinnus -
appeanng capita te appearing as a 
compound cyme 
Flower shape Rotate Infundibular 
Flower symmetry Similar Dissimilar 
Abaxia l petal surface Ha iry Glabrous 
Stamina I scales Well developed Well developed 
Stamina! laleral lobes Present Present 
point dried for study by either a JEOL scanning electron 
microscope (SEM), using secondary-electron detection and 
an acceleration voltage of 5-15 kV or a Philips XL30DX- 4i 
SEM, using an accelerat ion voltage of 10 kV All the materi-
al used in the SEM study were collected during the peak 
flowering season, i.e. between August and October and are 
listed as voucher specimens. Additional observations were 
made with a lig ht microscope from herbarium specimens 
listed In Buys (1997). Transverse and longitudinal sections 
of wax-embedded stigmas and styles were cut with a rotary 
microtome and stained with a mixture of Safra nine 0 and 
Alcian green (Joel 1983). 
Results and Discussion 
Stigmas 
The receptive cells are concentrated in distinct zones or 
heads (Figure 1). The stigmas of Lobostemon have custom-
arily been termed bilobed since Gurke (1897), but because 
the receptive region is free with the remainder of the two 
carpels being fused , the stigmatic region of Lobostemon is 
best described as consisting of stigma branches. No 
Lobostemon stigmas produce observable exudate and are 
therefore regarded as being dry. According to Heslop-
Harrison and Shivanna (1977) sporophytic self-incompatibil-
ity systems are associated with dry, papillate stigmas and 
most gametophytic systems with wet stigmas. Heslop-
Secltons 
Argentel Levyns Fruftcosi Levyns Grandiffori Levyns 
Cincmnus - CinClnnus - Cincinnus -
appearing as a appeanng as a appearing as a 
pseudo-spike compound cyme compound cyme 
Infundibular In fundibular Tubular 
DiSSimilar Dissimilar S imila r 
Glabrous Hairy Hairy 
Reduced to ridges Reduced to ndges Reduced \0 swellings 
Absent Absent Absent 
Harrison and Shivanna (1977) mention that the largest num-
ber of taxa in the dry category have papillate stigmas. The 
stigma surfaces are distinctly papillate in Lobostemon 
(Figure 2), with the papillae being of an unicellu lar nature 
(Figure 3) . The majority of the mentioned characters in 
Lobostemon conform to those found by Hes[op-Harrison and 
Shivanna (1977) for Echium and most of the other 
Boraginaceous taxa. Heliotropium L., possessing wet stig-
mas, appears to be the exception. 
The papillae walls in Lobostemon are mostly deeply undu-
late. often being pentapartite in nature (F igure 2A). 
Exceptions do occur where the undulations are less pro-
nounced (Figure 2B and C). The surface texture of the indi-
vidual papillae appear to vary from copiously nodulated 
(Figure 2A). to slightly nodulated (Figure 2B). to entirely 
smooth (Figure 2C). The latter characler state is confined to 
L. regulareflorus (Ker-Gawl.) MH Buys , which also possess-
es papillae that are the least undulated in the genus. 
The purpose of the papillae is possibly to prevent self-fer-
tilisation. It is hypothesised that the densely packed young 
papillae (Figure 1 A) at the beginning of anthesis prevent 
pollen grains from sinking between the papilla, but later, due 
to a [ass of turgor during a later stage in anthesis, pollen 
grains can get in between papillae (Figure 4). 
Heslop-Harrison and Shivanna (1977) allude that: ' ... the 
stigma surface is as variable as other morphological fea-
tures of the flowering plant, and even closely related species 
rarely possess identical characteristics.' In Lobostemon, 
Figure 1: The stigmatic surface in Lobostemon: (A) L.marlotl1ii: (8) L. regulareflorus 
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Figure 2: Stigmatic papillae in Lobostemon: (A) L. glaber, (8) L. 
lucidus: (C) L. regilareflorus 
however, most species appear to have an identical stigma 
structure (Table 1). 
Styles 
The styles of Lobostemon species are all solid and the cor-
tex comprises parenchyma cells (6-12mm diameter), whilst 
the central transmitting tissue consists of a cylinder of small 
densely packed cells (3- 6mm diameter) which stain strong-
ly with Toluidin Blue 0 , indicating a possible secretory func-
tion (O'Brian 1994). In cross seclion Ihe basal part of the 
styles are square-shaped (Figure 5) , becoming terete 
f-----; 
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Figure 3; Longitudinal section th rough a style of Lobostemon 
argenteus 
towards the sligma. Fusion of the style is not complete as 
the stigma is distinctly branched or bilobed. 
The presence or absence of hairs on the styles is of sig-
nificance within the context of Lobostemon (Table 2). In this 
regard, all members of the section Lobostemon lack hairs on 
their styles whereas the remaining sections, with the excep-
tion of two variable species, all possess hairs on their styles. 
Lobostemon flowers in general appear to go to great lengths 
Figure 4 : Pollen grains in between the papillae of Loboslemon 
argenteus 
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Table 2: Ltst of stigma and style character states investigated in 
Lobostemon: MHB = MH Buys specimens housed in NBG: . = 
absent: + = present: n = nodulated,s = smooth 
Vouchers Hairs on Style Stigma papiJfae 
texture 
L argenteus MHB 427 + n 
L. belliformis MHB 432 + n 
L. capitatus MHB 380 n 
L. col/inus MHB 505 + n 
L. curvi{ofius MHB 392 + n 
L. daltoni MHB 501 + n 
L. decorus MHB 422 + n 
L. echioides MHB 414 n 
L. rruticosus MHB 386 + n 
L. glaber MHB 397 + n 
L. gJaucophylfus MHB 384 + n 
L. gracilis MHB 443 + n 
Levyns 2776 
L. hottentot/GUS MHB 379 + n 
L. laevigatus MHB 400 + n 
L. strigos(ls MHB 412 + n 
L. lucidus MHB 446 + n 
L. marlothii MHB 419 + n 
L. man/anus MH B 381 + n 
L. muirii MHB 413 + n 
L. oederiaefolius MHB 396 + n 
L. paniculatus MHB 421 n 
L. paniculaeformis MHB 365 + n 
L. pearsonii MHB 515 + n 
L. regulareflorus MHB 439 + s 
L. sanguineus MHB 447 + n 
L. stachydeus MHB 465 + n 
L. trichotomus MHB 507 + n 
MHB 518 n 
L. trigonus MHB 391 + n 
to contrive methods to thwart unwanted visitors in thai there 
are various forms of hairy staminal scales blocking the route 
to the ovary, disc and nectar. It can be argued therefore that 
the presence of hairs on styles is a further mechanism to 
keep out unwanted visitors. The infundibular and tubular 
flowers of sections Trichotomi Levyns, Argente; Levyns, 
Fruticosi Levyns and Grandiflori Levyns, with their relatively 
long corolla tube, force insects without the necessary long 
probosci to crawl down the corolla tube before reaching the 
nectar. It can be envisaged in this scenario that hairs on the 
slyle function as an addit ional deterrent. The rolale flowers 
in section Lobostemon have horizontally spreading corolla 
lobes which provide a platform on which any small insect 
can land or crawl. From here almost direct access to the 
nectar exists in that only a shorl corolla tube is present. A 
style with hairs probably provides little or no hindrance to 
insects in the absence of a sufficiently long corolla tube. 
Buys 
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Figure 5: Cross section of the basal portion of the style of 
Lobostemon daltonii 
Systematic implications 
A cursory look at the stigmas of three closely related genera 
revealed marked differences. The separation of 
Echiostachys from Lobostemon is supported by the noted 
difference in sligma morphology. The stigmatic region of Ihe 
former can be described as consisting of style branches 
(Figure 6e), with the latter consisting of, as mentioned, stig-
ma branches. Similarly, the Echium species investigated 
possess more pronounced style branches (Figure 6D) than 
Echiostachys. The stigmatic reg ion of Echium has custom-
ari ly been referred to as bifid. In addition. the separation of 
Echium russicum JF Gmel. from Echium by Bohle (1995) 
and the subsequent imminent description of a new 
monolipic genus Pontechium Bohle and Hilger (in prep.) , 
based on DNA dala, is also supported by the sligmatic 
regions of the mentioned taxa. Bohle (1995) indicates 
Pontechium to be basal to Lobostemon and Echium respec~ 
tively. However, a Farris optimisation (Kluge and Farris 
1969. Farris 1970) of the observed stigmatic regions (Figure 
6) , suggests that either Echium or Lobos/emon should be 
Ihe basal group to the taxa in question . 
Conclusions 
The stigmatic region provides no significant clues to rela ~ 
tionships within Lobostemon. The presence or absence of 
e; 
N 
~ 
"-~ 
:;; 
~ 
~ 
" S 
'0 
m 
E 
~ 
o 
~ 
~ 
t t 
!§ Figure 6: Proposed transformation series of stigmatic regions observed in Lobostemon and three rela ted taxa; (A) Lobosfemon ech/oides; (8) Pontechium russ/cum (ex Munich or Giessen 
~ Botanical Garden): (C) Echlostachys inC8fJUS (MH Buys 430, NBG): (0 ) Echium thyrsiflorum (ex University of Stelienbosch Botanical Garden) 
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hairs on the slyles has some systematic significance at sec-
tional level. The section Lobostemon is characterised by 
glabrous styles. This division is not clear cut however, as two 
species in the section Trichotomi, namely L. trichotomus 
(Thunb.) DC. and L. glaber (Vahl) H Buek possess styles 
either with Of without hairs. This possibly indicates a close 
relationship between the two taxa as well as an intermediate 
position of the taxa between section Lobostemon and 
Trichotomi. The unique papillae structure of L. regulareflorus 
affirms its recognition as a species distinct from the closely 
related L. befliformis MH Buys. 
The results reported on here show some promise fo r the 
use of stigma data at the generic level. However, its use to 
elucidate relationships between all genera within the 
Boraginaceae needs to be further investigated and verified. 
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